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KD]DUG DW D WHUULWRULDO VFDOH 7KH RFFXUUHQFH RI ODQGVOLGHV LV FRQWUROOHG E\ VHYHUDO VSDWLDO DQG FOLPDWLF IDFWRUV ,Q
SDUWLFXODUWKHRFFXUUHQFHRIODQGVOLGHUHDFWLYDWLRQLVFORVHO\UHODWHGWRWKHLQWHQVLW\DQGGXUDWLRQRIUDLQIDOOHYHQWV
*LYHQWKHSUHGLFWHGUDLQIDOOVFHQDULRVRYHUDVWXG\DUHDWKHODQGVOLGHDFWLYLW\FDQEHDVVHVVHGE\PHDQVRIGLIIHUHQW
DSSURDFKHV$TXLWHSURPLVLQJRQH LVEDVHGRQ WKHSUREDELOLVWLFSK\VLFDOO\±EDVHGPRGHO LPSOHPHQWHG LQ WKHFRGH
3*B75,*56 >@ZKLFK WDNHV LQWR DFFRXQW WKH XQFHUWDLQW\ LQ VRLO VSDWLDO YDULDELOLW\ DQG FKDUDFWHUL]DWLRQ ,W LV DQ
H[WHQVLRQRI WKHRULJLQDO75,*56FRGH>@ WKDWFRPELQHVD±'K\GURORJLFPRGHOZLWKDVLPSOH VORSHVWDELOLW\
FRPSXWDWLRQWRDVVHVVWKHSUREDELOLW\RIVORSHIDLOXUHRYHUDODUJHDUHD
6SHFLILFDOO\ WKH FRQVLGHUHG H[WHQGHG FRGH LV EDVHG RQ L WKH .ULJLQJ JHRVWDWLVWLFDO WHFKQLTXH WR HVWDEOLVK












DQ H[WHQVLRQ RI WKH RULJLQDO 75,*56 FRGH GHYHORSHG E\ >@ IRU VDWXUDWHG VRLOV DQG ODWHU H[WHQGHG E\ >@ WR
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LWKDVEHHQVXEGLYLGHG LQWR[FHOOVRIPVLGH7KHGLVWULEXWLRQRI WKH VRLO W\SHV LQ WKH VHOHFWHG VWXG\ LV
VKRZQLQ)LJE
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VRLO KDV EHHQ FUHDWHG XVLQJ WKH JHRVWDWLVWLFDO .ULJLQJ DV VKRZQ LQ >@ )LJ D DQG )LJ E VKRZ WKH VSDWLDO
GLVWULEXWLRQRIWKHIULFWLRQDQJOHI¶DQGRIWKHHIIHFWLYHFRKHVLRQF¶UHVSHFWLYHO\7KHDGGLWLRQDOLQSXWVDUHL
WKH WKLFNQHVVGERI WKH VXSHUILFLDO VRLO OD\HUKDVEHHQ WUHDWHGDVD IXQFWLRQRI WKH VORSH DQJOHD DFFRUGLQJ WR WKH
HPSLULFDOUHODWLRQSURSRVHGE\>@IRUFHQWUDO$SHQQLQHVLLLQYLHZRIWKHGHPRQVWUDWLYHFKDUDFWHURIWKHSUHVHQW
VWXG\DQGLQODFNRIGHWDLOHGLQIRUPDWLRQRUUHFRUGHGGDWDWKHLQLWLDOSUH±VWRUPZDWHUWDEOHGHSWKGZKDVEHHQVHW






7KH UDLQIDOO SDWWHUQV KDYH EHHQ GHULYHG IURP WKH ZRUN E\ >@ DQG >@ FRQVLGHULQJ WKH ZRUVWFDVH VFHQDULR
SURYLGHGE\5HSUHVHQWDWLYH&RQFHQWUDWLRQ3DWKZD\5&3DQGVHOHFWLQJWKHPRGHO&150B&0DQGWZRWLPH
KRUL]RQV±QDPHG³SUHVHQW´DQG±QDPHG³IXWXUH´)RU WKHVHSHULRGV WKHUDLQIDOOKLVWRULHV
KDYH EHHQ UHFRQVWUXFWHG DQG GRZQVFDOHG WR WKH EDVLQ VFDOH WKXV WKH LQWHQVLW\ H[WUHPHV KDYH EHHQ VHOHFWHG DQG
DSSOLHGFRQVLGHULQJGDLO\UDLQIDOOGXUDWLRQ
544   Diana Salciarini et al. /  Procedia Engineering  158 ( 2016 )  541 – 545 
5HVXOWV

























)ROORZLQJ WKHWK5HSRUWRI WKH ,3&&>@ LQ(XURSHSUHFLSLWDWLRQVDUHH[SHFWHG WR LQFUHDVH DQG LQSDUWLFXODU
WKHUH ZLOO EH PRUH HYHQWV FKDUDFWHUL]HG E\ H[WUHPH UDLQIDOOV ZKLFK OHJLWLPDWHV WKH SRVVLELOLW\ RI DQ LQFUHDVH LQ
ODQGVOLGHHYHQWV
7R XQGHUVWDQG WKH SRVVLEOH LPSDFWV RI VXFK FKDQJLQJ FOLPDWLF WUHQGV RQ WKH WHUULWRU\ DQG LQ SDUWLFXODU RQ
ODQGVOLGHDFWLYLW\DYDLODEOHSUHGLFWLYHWRROVFDQEHXVHG,QWKLVSUHOLPLQDU\VWXG\WKH3*B75,*56FRGHKDVEHHQ
DSSOLHG FRQVLGHULQJ WZR GLIIHUHQW WLPH KRUL]RQV ZLWK GLIIHUHQW GRZQVFDOHG UDLQIDOO SURMHFWLRQV $OWKRXJK PDQ\
XQFHUWDLQWLHV LQ WKH DQDO\VHV RI WKH FOLPDWLF WUHQGV DQG LQ WKHLU UHODWHG HIIHFWV DW WKH JURXQG OHYHO KDYH QRW EHHQ
VROYHG WKHSUHVHQWHGUHVHDUFKVKRZV WKDWFXUUHQWDYDLODEOH WRROVFDQEHXVHG WRVXSSRUWTXDQWLWDWLYHSUHGLFWLRQVRI
VXFKLPSDFWV
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